An analytical procedure for the determination of the new pain medication tapentadol and its main metabolite N-desmethyltapentadol (DMT), in urine and oral fluid has been developed and validated using liquid chromatography with tandem mass spectral detection (LC-MS-MS). Oral fluid was collected using Quantisal™ devices, and drugs present were quantified using solid-phase extraction followed by LC-MS-MS. For confirmation, two transitions were monitored and one ratio determined which had to be within 20% of that of the known calibration standard. For tapentadol, 222.1 > 107 was used as the quantifying transition; 222.1 > 121 for the qualifier. For DMT, 208.1 > 107 was used for quantification; 208.1 > 121 as the qualifier. For saliva, the linear range was 10-100 ng/mL; the lower limit of quantitation (LLOQ) was 10 ng/mL; the intraday precision was 3.6% (n = 6) and interday precision was 13.6% (n = 24). The recovery of tapentadol and DMT from the oral fluid collection pad was > 99%. For urine, the specimens were diluted and injected directly into the LC-MS-MS. The LLOQ was 50 ng/mL; the intraday and interday precisions were 2.1% and 4.4%, respectively, for tapentadol and 2.9% and 5.7%, respectively, for DMT. This is the first analytical procedure for tapentadol and DMT in urine and oral fluid.
Introduction
Tapentadol (Nucynta ® ) was approved by the Food and Drug Administration in late 2008, for the relief of moderate to severe pain in adults; is available in formulations as 50, 75, and 100 mg; and is classified as a Schedule II controlled substance ( Figure 1 ). It appears to be well tolerated as an analgesic and is recommended for osteoarthritis and low back pain. As a µ-opioid agonist, it has a potential for addiction and abuse similar to hydromorphone; however, it has been shown to be just as effective as oxycodone or morphine in pain relief, com-bined with fewer occurrences of gastrointestinal problems (1) . In mice, tapentadol was shown to be more potent than morphine against heat hyperalgesia. Selective inhibition of disease-related hyperalgesia by tapentadol suggested a possible advantage in the treatment of chronic neuropathic pain when compared with classical opioids, such as morphine. The authors hypothesized that this superior efficacy profile of tapentadol is due to simultaneous activation of the µ-opioid receptor and inhibition of norepinephrine reuptake (2) . In humans, tapentadol is rapidly absorbed after intake and extensively metabolized via Phase 2 pathways. After oral administration, 70% of the dose is excreted in the urine as conjugated metabolites, 3% of the drug is excreted unchanged, and 13% as DMT (3) .
In the area of pain management, most major laboratories use urine as the matrix of choice for toxicological analysis, so a procedure for the determination of both the drug and its main metabolite was developed. Because tapentadol is mostly eliminated in glucuronidated form, a hydrolysis could be performed, however the increasing use of highly sensitive mass spectrometers (MS) not only allows the non-conjugated drug to be measured, but the transitions for the tapentadol glucuronide could also be monitored. The interpretation of urine results in pain management is somewhat controversial, and papers regarding the mathematical manipulation of urine analysis results in order to determine overuse or underuse of pre-scribed medications by urine concentration have been published (4) . Oral fluid is a distinct alternative to urine, particularly in the area of compliance testing, because it has been reported to be a useful specimen in therapeutic drug monitoring (5) . Along with its advantages, such as observed, easy collection, difficulty of adulteration, and improving technology, oral fluid is beginning to replace urine as a drug test specimen, so its analysis was included in this validation.
One of the main issues with the analysis of drugs in oral fluid is the difficulty of collecting known adequate specimen volume so that quantitation can be accurate. Many of the currently available devices do not give an indication of the amount of oral fluid collected. Further, the question of how much of each drug is recovered in a collection device is critical to accurate analysis (6) . The research described in this paper uses the Quantisal oral fluid collection device, which collects a known amount of neat oral fluid. The efficiency of recovery of tapentadol and DMT from the collection pad into the transportation buffer was determined in order to increase confidence in the result.
To date, there are no analytical papers on the determination of tapentadol and its metabolites in any biological matrix. A procedure has been developed for the determination of tapentadol and its main metabolite in urine, using direct injection and oral fluid using solid-phase extraction followed by liquid chromatography (LC)-tandem MS analysis. The methods were fully validated and applied to real biological specimens. The transitions for the glucuronide metabolites were monitored; however, no standards for the glucuronides are available, so it was not possible to determine efficiency of hydrolysis, and the non-conjugated drug concentrations in urine were quantitatively measured.
Materials and Methods

Oral fluid collection devices
Quantisal devices for the collection of oral fluid specimens were obtained from Immunalysis (Pomona, CA). The devices contain a collection pad with a volume adequacy indicator, which turns blue when 1 mL of oral fluid (± 10%) has been collected. The pad is then placed into transport buffer (3 mL), allowing a total specimen volume available for analysis of 4 mL (3 mL buffer + 1 mL oral fluid). The oral fluid concentration is diluted 1+3 when using Quantisal collection devices, and drug concentrations detected were adjusted accordingly. The buffer ensures stability of the drugs in the collection system during transportation to a testing facility.
Standards and reagents
Tapentadol and its metabolite N-desmethyltapentadol (DMT) were purchased from Cerilliant (Round Rock, TX). Deuterated tapentadol is not yet commercially available, but due to the similarity in structure with methamphetamine, deuterated methamphetamine-d 5 (also purchased from Cerilliant) was used as an internal standard. Solid-phase extraction columns (Clin II, 691-0353T) were obtained from SPEWare (Baldwin Park, CA). All solvents were high-performance liquid chromatography (HPLC) grade, and all chemicals were ACS grade.
Calibrators
For the chromatographic calibration standards, a working solution for the deuterated internal standard and unlabeled drug standards were prepared in methanol. All working solutions were stored at -20°C.
Urine. For each batch, calibration standards containing both tapentadol and DMT were prepared in drug-free urine at concentrations of 50, 100, 500, 1000, and 5000 ng/mL.
Oral fluid. For each batch, four calibration standards were prepared in synthetic oral fluid (1 mL) at concentrations of 10, 25, 50, and 100 ng/mL, then transportation buffer from the Quantisal collection device was added (3 mL). A synthetic oral fluid matrix, which matched the immunoassay responses of three human negative oral fluid samples, was prepared as follows: 25 mM phosphate buffered saline (pH 7.0), 30 mM sodium bicarbonate, 0.1% albumin, amylase, and 0.1% Proclin 300 as a preservative. Synthetic oral fluid was used as opposed to authentic drug-free saliva primarily because of the amount required in order to carry out all the experiments. The effect of real oral fluid on the drugs compared to the effect in synthetic material is minimized during to 1+3 dilution with transportation buffer
Sample preparation for chromatographic analysis
Urine. One-hundred microliters of the specimen was transferred to an autosampler vial, and internal standard (100 µL of a 100 ng/mL solution) was added. If a dilution was required, the same amount of internal standard was used, but less specimen volume was taken and diluted with water to 100 µL.
Oral fluid. An aliquot (1 mL) from the Quantisal collection device, equivalent to 0.25 mL of neat oral fluid, was removed, and internal standard was added (50 ng/mL). Potassium phosphate buffer (0.1 M, pH 6.0, 1 mL) was added to each calibrator, control, or oral fluid specimen. Solid-phase mixed mode (cation exchange: hydrophobic) extraction columns were placed into a positive pressure manifold. Each column was conditioned with methanol (1 mL), deionized water (1 mL) and 0.1 M phosphate buffer (pH 6.0, 1 mL). The samples were allowed to flow through the columns, and then the columns were washed with deionized water (2 mL) followed by 0.1 M hydrochloric acid (1 mL) and methanol (2 mL). The columns were allowed to dry under nitrogen pressure (5 min). The drugs were finally eluted using freshly prepared ethyl acetate/ammonium hydroxide (98:2, v/v, 2 mL). The extracts were evaporated to approximately 1 mL under nitrogen at 37°C, and 10 μL of 0.35 N sulfuric acid/acetone (25:75, v/v) was added. The extract was then evaporated to dryness and reconstituted in methanol (50 µL) for analysis by LC-MS-MS.
LC-MS-MS conditions
A 1200 series LC pump coupled to a 6410 triple-quadrupole MS, operating in positive electrospray ionization mode (ESI) mode was used for analysis (Agilent Technologies, Santa Clara, CA). The LC column (Agilent Technologies) was a Zorbax Eclipse XDB C18 (4.6 × 50 mm × 1.8 mm). The column tem-perature was held at 40°C. The injection volume for oral fluid was 5 µL; the injection volume for urine was 2 µL. The mobile phase consisted of 20 mM ammonium formate (pH 6.4) (Solvent A) and methanol (Solvent B). Initially, the mobile phase composition was 85% A:15% B at a flow rate of 0.7 mL/min. Over 4 min, the percentage of methanol was increased to 100%. The gas temperature was 350°C, the gas flow was 10 L/min, and the nebulizer pressure was 50 psi. Nitrogen was used as the collision gas, and the capillary voltage was 4000 V. Two transitions were selected and optimized for each drug using flow injection analysis. The dwell time for all transitions was 50 ms, and optimal fragmentor and collision energy voltages were determined (Table I ). The ratio of the qualifier transition to the quantifier transition was determined at approximately the mid-point of the calibration range. The retention time for the internal standard was 3.5 min; retention time of DMT and tapentadol was 3.9 min. The retention time for tapentadol glucuronide and DMT-glucuronide was 3.3 min.
Method validation Linearity and sensitivity
Calibration using deuterated methamphetamine-d 5 as an internal standard was calculated using linear regression analysis over a concentration range of 50-1000 ng/mL for urine; 10-100 ng/mL for oral fluid. The 5000 ng/mL urine standard caused linearity problems, so specimens over 1000 ng/mL were diluted into the curve for quantitation. Peak-area ratios of the target analyte and the internal standard were calculated using Mass Hunter software. The data were fit to a linear leastsquares regression curve with a 1/x weighting and not forced through the origin. The linearity of the assays was established with four calibration points, excluding the drug-free matrix. The sensitivity of the methods was determined by establishing the lower limit of quantitation (LLOQ) defined as the lowest concentration detectable with a signal-to-noise (S/N) ratio of at least 10 and retention time within 0.2 min of the calibration standard.
Drug recovery from the pad, accuracy, and precision
Recovery. The efficiency of tapentadol extraction from the Quantisal oral fluid collection device was determined. Synthetic oral fluid was fortified with drugs at a concentration of 25 ng/mL. A collection pad was placed into the fluid until the volume adequacy indicator turned blue, showing that 1 mL (± 10%) of oral fluid had been absorbed. The pads were then placed into the Quantisal buffer (3 mL), capped, and allowed to remain at room temperature overnight, to simulate transportation to the laboratory. The following day, the pads were removed after separation from the stem, and an aliquot (1 mL) of the specimen was analyzed.
Accuracy (bias). The accuracy of the procedure for urine was determined over six replicates at 100 ng/mL; for oral fluid, accuracy was determined at 15 ng/mL. Accuracy was calculated as mean measured concentration divided by the fortified concentration × 100%. Inter-and intraday precision of the assays was determined at a concentration of 100 ng/mL for urine and 15 ng/mL for oral fluid.
Precision. Intraday data were obtained from six analyses performed on one day; interday data were obtained by analyzing six specimens each day for four days (n = 24).
Selectivity
Ion suppression. Oral fluid specimens were obtained from drug-free volunteers, extracted and analyzed according to the described procedures in order to assess interference from extraction or matrix, or potential ion suppression. Ion suppression is more prevalent in the operational mode of electrospray ionization (ESI) rather than atmospheric pressure chemical ionization. The suppression is caused by competition among ions (from the analyte, matrix, salts, mobile phase, etc.) for the limited number of excess charge sites on the generated liquid droplets during ESI. Published protocols from Matuszewski et al. (7) suggest methods of post-extraction spiking of drug-free matrices, and assessment of matrix effects and process efficiency. In order to perform experiments according to these protocols, a non-extracted drug standard at a concentration of 25 ng/mL was prepared as well as drug-free matrix extracts and negative controls (extracts containing only internal standard).
The recovery of the tapentadol and its metabolite from oral fluid was determined by first assessing the response of the extracted samples (n = 6) at a concentration of 25 ng/mL {R ES }. Next, oral fluid was extracted and drug was added post-extraction at a concentration of 25 ng/mL (n = 6) {R PES }. The percentage recovery was then calculated from the equation (R ES / R PES ) × 100. The percentage reduction/improvement in response due to matrix effects (ion suppression/ion enhancement) was determined by assessing the peak-area response of a non-extracted neat drug standard (n = 6) at a concentration of 50 ng/mL {R NES }. The non-extracted solution was analyzed in the same reconstitution solvent as the extracted specimens. The % matrix effect was then calculated using the equation (R PES / R NES ) -1 × 100. A negative result indicated ion suppression and a positive result indicated ion enhancement of the signal. The overall efficiency of the process was calculated as (R ES / R NES ) × 100. Van Eeckhaut et al. (8) published a review article of validated LC-MS-MS procedures where matrix effects had been discussed; however there seemed to be no overall consensus on how this should be carried out.Reduction or elimination of matrix effects was best achieved by utility of deuterated internal standards where possible, extensive matrix clean-up before injection and by optimized chromatographic and mass spectral conditions. For urine, because the procedure involves no extraction, the same procedures could not be carried out; however, side-by-side analysis of tapentadol and its metabolite in bovine serum albumin (BSA) at 100 ng/mL (n = 3) showed equivalent mass spectral response to the urine calibration standard.
Exogenous interference. Commonly encountered drugs, including other pain medications were added to the drug-free oral fluid and urine specimens and subjected to the same extraction and analytical procedures. The following drugs were analyzed at a concentration of 10,000 ng/mL: cocaine, benzoylecgonine, cocaethylene, norcocaine, morphine, 6-acetylmorphine, codeine, hydrocodone, hydromorphone, oxycodone, oxymorphone, tramadol, fentanyl, tetrahydrocannabinol, 11-nor-∆ 9carboxytetrahydrocannabinol, amphetamine, methamphetamine, methylenedioxymethamphetamine (MDMA), methylenedioxyamphetamine (MDA), methylenedioxyethylamphetamine (MDEA), carisoprodol, methadone, diazepam, nordiazepam, oxazepam, alprazolam, chlordiazepoxide, bromazepam, temazepam, lorazepam, flurazepam, nitrazepam, triazolam, secobarbital, pentobarbital, butalbital, and phenobarbital.
Extract stability
The stability of the drug extracts at a concentration of 15 ng/mL for oral fluid; 100 ng/mL for urine was determined by allowing the autosampler vials to remain in the autosampler at 7°C for 48 h after which time they were re-analyzed. The responses were compared to those achieved on the first day of analysis.
Application of the procedure
Authentic specimens were donated by a commercial laboratory and analyzed according to the described procedures.
Results and Discussion
Method validation
The LC-MS-MS procedure developed for tapentadol and DMT was validated according to accepted protocols.
Linearity and sensitivity
For both matrices, linearity was obtained with an average correlation coefficient for all the drugs of > 0.99 over the range from 50 to 1000 ng/mL (urine) and 10 to 100 ng/mL (oral fluid). The average slope and intercept of the calibration curve, mean correlation (r 2 ), and the allowable ratio range of the intensity of the qualifying transitions to the intensity of the quantifying transitions are shown in Table II . The limit of quantitation was 50 ng/mL for urine and 10 ng/mL for oral fluid and was determined as described in the Experimental section.
Recovery, accuracy, and precision
The recoveries of the tapentadol and DMT from the collection pad using the Quantisal device were 99.1% and 100%, respectively. The recovery for the metabolite was determined, but for oral fluid, the parent drug is likely to be present in higher concentration than DMT so for other validation parameters only tapentadol was analyzed. The accuracy of the LC-MS-MS method for oral fluid at 15 ng/mL was +4.3%. For urine at 100 ng/mL, the bias was +3.4% for tapentadol; -1.5% for DMT. The intraday precision for the tapentadol in oral fluid was 3.6%; urine was 2.1%; DMT 2.9%. Interday precision for oral fluid was 13.6%; urine tapentadol was 4.5%; DMT 5.7%.
Selectivity
Ion suppression. The oral fluid is diluted during collection, deuterated internal standards are added, and specific solidphase extraction was employed. Even so, an ion suppression matrix effect of -28% was observed for tapentadol in oral fluid; process efficiency was 50%.
Interference. Neither urine nor oral fluid specimens collected from drug-free individuals showed any interference with the LC-MS-MS. For exogenous interferences, drugs, including other pain medications, were studied as described in the Experimental section, and no chromatographic interference was observed.
Stability
The extracts were stable for at least two days when kept inside the autosampler, which was maintained at 7°C. There was < 5% difference in the quantitation of the extracts after 48 h.
Authentic specimens
Oral fluid. Oral fluid specimens could not be obtained. Figure 2 shows the transitions for tapentadol and its metabolite at a concentration of 15 ng/mL. Because tapentadol is a basic drug, it is likely to be detected in oral fluid at a saliva/ plasma ratio > 1 (similar to methamphetamine) (9), so the concentration range studied was considered relevant. The procedures show excellent recovery of tapentadol from an oral fluid collection device and analytical validity to 10 ng/mL for saliva.
Urine. Twenty-four urine samples obtained from a commercial laboratory were analyzed according to the described procedure, of which 23 were positive for non-conjugated drug. The concentrations ranged from 320 to 43,320 ng/mL of non-conjugated tapentadol (mean = 6895; median = 3419); 50-3045 ng/mL for non-conjugated DMT (mean = 772; median = 351) ( Table III ). The average ratio of tapentadol to DMT was 7. Interestingly, the metabolite, DMT was present in lower concentration in all the samples than the parent drug. The transitions relating to tapentadol glucuronide (398 > 222.1) and DMTglucuronide (384 > 208.1) were monitored in the authentic specimens ( Figure 3 ). The ratio of the peak area integration response for the transition of the tapentadol glucuronide to the peak area integration response for the primary transition of the non-conjugated drug was calculated, as was the ratio of the peak area integration response for the transition for DMT-glucuronide to the peak area integration response for the primary transition of non-conjugated DMT. For tapentadol, the av-
Table III. Concentration of Tapentadol (TAP) and N-Desmethyltapentadol (DMT) in Authentic Urine Samples
Tapentadol N-Desmethyltapentadol TAP/DMT (ng/mL) (ng/mL) Ratio erage ratio was 2.1 (range: 0.12-6.6); for DMT the average ratio was significantly higher at 15.5 (range: 2.5-32), indicating that DMT is conjugated to a much higher extent in urine samples than parent tapentadol, or has a much longer half-life. Because only one transition was monitored for the glucuronides, the ratio of the integration response for peak area was compared. The average peak area of tapentadol-glucuronide compared to the peak area for DMT-glucuronide was 10; and the correlation was excellent (r 2 = 0.836, Figure 4 ). One specimen which did not show the presence of tapentadol or DMT did have low level presence of the glucuronides. However, because the dosage is so high, concentrations of non-conjugated drug in urine were easily detectable, eliminating the need for a hydrolysis step; however, if it is necessary to detect very low level tapentadol, hydrolysis may be required. As standards for tapentadol glucuronide are not yet available it was not possible to determine the efficiency of hydrolysis.
There are no analytical procedures in the literature describing the analysis of tapentadol and its metabolite in biological matrices, using any chromatographic method. Because it is widely prescribed, the determination of tapentadol in urine and oral fluid is timely. Limitations of the study include the inability to procure authentic oral fluid specimens, although research in this area is on-going.
Conclusions
The determination of tapentadol and its metabolite DMT in urine and oral fluid is described. The LC-MS-MS procedure is reproducible, robust, and precise. The assay includes the monitoring of a qualifying transition for tandem MS, and calculation of a ratio, required to be within 20% of that of a known calibration standard in order for definitive identification to be made. Non-conjugated tapentadol and DMT are readily detected in authentic urine samples, with tapentadol being present in concentrations 6 times higher than DMT. Conjugates of both drugs were monitored and the peak-area response for tapentadol glucuronide was on average 10 times higher than DMT-glucuronide. 
